ON the basis of recent anatomical, behavioral, and serological investigations, I feel that the genus Hylocichla of the A.O.U. checklists should be considered congeneric with Catharus except for the Turdus-like Wood Thrush, which has been left in Hylocichla pending further investigation (Dilger, 1956).
D•LG•(, Catharus and Hylocichla
[ Auk [VoL 73 choice had been made. If hybrids are produced they are likely to demonstrate a lack of, or reduced, viability and/or poor adaptation to any available niche. Any one or combination of these possibilities would certainly supply selective pressures tending to encourage any differences between the forms which would act as species-specific recognition signals and their receptors. It is clear that mechanisms must exist which obviate or minimize the danger of mixed pairs being formed.
The comparative behavior of the species of the duck genus Anas has been extensively studied by Lorenz (1951) . This genus, contains many sympatric, closely related species. Sibley (MS) has suggested that the females select males of their own species with which to pair. The females are all very similar in plumage pattern and color, but the males demonstrate great diversity in these features. Highly specific plumage features, coupled with highly specific movements, provide the species with signal characters to which the females respond. Spieth (1952) studied the mating behavior of various species of Drosophila and found the mating behavioral patterns of the males highly species specific. It must be borne in mind that not only are the male signal characters highly specific but that the female inborn "receptors" to these signals are also highly specific. Selection must operate on both the male signal characters and on the female "receptors" or releasing mechanisms.
DEFINITIONS
Before a discussion of the comparative hostile behavior of these forms can be undertaken a number of terms as used herein need to be defined. Displacement activity.--An activity belonging to the executive motor patterns of an instinct other than the instinct(s) activated (Tinbergen, 1952) . These activities are supposedly prompted by a thwarted drive or conflict between two incompatible drives. To be certain one is observing displacement activities one must have more accurate information on the motivation(s) of the animal than is 'generally available to those who describe them, although in certain circumstances they may be fairly safely determined.
Display.--Any stereotyped presentation of stimuli, alone or in combination such as vocal and visual stimuli, which serve a signal function to other animals.
Drive.--This term is used synonymously with "motivation" and refers to the complex of internal and external states and stimuli leading to a given behavior (Thorpe, 1951) . The strength of a drive The discussion of the hostile behavior of these species is based on the balance of motivations concept so ably and thoroughly developed by Lorenz (e.g. 1951) and Tinbergen (e.g. 1948 Tinbergen (e.g. , 1951 Tinbergen (e.g. , 1952 Tinbergen (e.g. , 1953 . There are many fine examples of work of this nature and the reader is referred, for instance, to papers by Baerends et al. (1955) , Hinde (1952 Hinde ( , 1953 Hinde ( , 1955 The varying strengths and proportions of drives (which cause the varying pattern of displays) are deduced from observing the contexts of these displays. The extremes (in hostile behavior, for instance) are easy to identify. Strong attack or escape are obvious to anyone. The hierarchy of expression falling between these extremes may be deduced by watching many encounters between individuals and observing the circumstances in which certain behavioral patterns are seen. Often successful attempts can be made to duplicate stimulus situations experimentally (e.g. with models and recordings) and then determine whether predictable responses are forthcoming.
A comparative study of the hostile behavior patterns exhibited by Catharus and Hylocichla was undertaken in an attempt to determine the part they play in sexual and species recognition. Data on hostile behavior were obtained by watching natural encounters (in the wild and in captivity) and by observing the reactions of wild birds to models and/or recorded vocalizations played over a loudspeaker. The latter method was by far the major source of these data. The use of loudspeakers and models had the advantage of vastly increasing the number of hostile reactions seen and also provided a more nearly standardized set of stimuli by greatly reducing the variability of the external drive. Models were used instead of mounted birds as they were more durable and standardized, as well as being more readily modifiable in color and pattern.
Since most pair formation and so called "courtship" involves a mutual lessening of normal intraspecific hostile behavior, it was postulated that hostile behavior might be concerned with whatever reproductive isolating mechanisms these thrushes prossess.
The method employed to elicit hostile reactions in the birds being studied was to play a tape recording of some characteristic hostile vocalization over one or more loudspeakers in the breeding territory. Loudspeakers were employed with or without the accompanying use of models, depending upon the type of investigation being conducted.
An effort was made to standardize these stimuli in order to render the Dzz,GER, Catharus and ttylocichla [ Auk LVol. 73 results as nearly comparable as possible. In each trial the loudspeaker and model were placed, insofar as possible, the same distance from the nest, usually about 4 meters. Since the internal drive for any given behavior pattern varies greatly, depending on the stage of the reproductive cycle, an effort was made to find the nest and to estimate its stage of development. As many territories as could be found were utilized and each pair was given ample time to "rest" between experiments, usually several days, in order to minimize any effects of possible habituation induced by the experimental procedures. Ideally, of course, each bird should have been used but once and then abandoned for another, but this was impossible if enough observations were to be made to render the results at all meaningful. The procedure was to locate as many territories as possible of all the species of Catharus and Hylocichla inhabiting a given area. These were experimented with in rotation. It was inevitable that the data gathered were chiefly of a qualitative rather than of a quantitative nature. The latter type of observations, permitting a more detailed analysis, will have to wait until some later date.
Advertising songs and other hostile vocalizations were taken from the Cornell Library of Natural Sounds and transferred onto reels of tape to be used in the field. Enough vocalization was placed on each reel to last about 8 minutes without rewinding (the maximum for the equipment used). The sounds chosen, other than the typical advertising songs, were those which were characteristic for each species as a reaction to human intrusion. Subsequent observation indicated that these sounds were the same as those used in intraspecific encounters. In order to have the various species~specific sounds as equal in value as possible, I first learned the hostile sound made by each species as I approached a nest containing eggs. This was done in case the hostile sounds differed in kind or in intensity at different stages of the breeding cycle. Subsequent observations indicated that the same hostile sounds were elicited by a given stimulus regardless of the stage of the breeding cycle, but the intensity varied with the stage of the breeding cycle. This was especially noticeable in the vociferous Wood Thrush. For example, this species characteristically utters low "bup bup bup" calls when disturbed at the incubation stage, but later when young are present this same call rises to the high pitched "pit pit pit" utterance.
The two small loudspeakers could be employed either singly or together although not simultaneously. There was enough wire to permit them to be placed about fifteen meters apart.
The models of all five species were molded from fine papier mach4 July] 1956] DILGI•R, Catharus and ttylocichla 3 19 and painted as accurately as possible. The eyes were of glass. Some of these models were left blank in which case they were of a uniform dull white color except for the dark eyes.
HOSTILE DISPLAYS OTHER THAN VO(2ALIZATIONS
The following is a list and descriptions of the non-vocal displays of Catharus and ttylocichla seen during the course of this investigation.
Supplanting attack.--This consists of the bird with higher relative attack motivation flying toward the other individual, which flees and is replaced on or near its perch by the attacker. This is a display common to many, if not all, species. Supplanting may be carried out by hopping, running, or sidling when both are sharing a common perch or are close together on the ground.
Gaping.--This is probably a ritualized intention movement to bite and is well developed in this group. The bill is pointed at the adversary and opened widely, exposing the bright yellow mouth lining. The gape is displayed in this manner for a second or two at a time. It is not employed unless the adversary is close (within a foot or so). Intention movements of attack such as Wing Flicking and thrusting forward with the head often accompany this display (Figures 2 and 4) .
13ill Snapping.--This is most likely another ritualized 'intention movement to bite, but here the "bite" is complete and the resultant rather loud snap serves the signal function. Usually Bill Snapping is done very rapidly and is of short duration.
Crest Raising.--The crest is raised to varying degrees and is probably associated with the common behavior of many animals to look larger when under attack motivation (Figures 2 and 5) .
Spread.--In this posture the feathers of the breast are laterally spread, the crest is 'raised, the scapulars, rump, and back feathers are somewhat raised, the plumage of the head is compressed laterally, and the tail is spread. The wings are drooped and may or may not be flicked, depending on the strength of motivation. The bird sits quite erect on the perch (Figure 2) .
Wing Flicking.--The wings are repeatedly and rapidly flicked away from, and back to, the body. The motion is so rapid that the wings seem to travel less distance than they actually do but not appearing to be spread very much. This display seems to be a ritualized flight-intention movement.
Tail Flicking. (Figure 3 ). This attitude is assumed swiftly and retained for a second or two before the relaxation preceding the next such display, if one ensues. This has probably been derived from an intention movement to fly upward. Low intensity Upwards can be frequently confused with ordinary intention movements to fly upwards.
Horizontal Stretch.--Here the bird assumes a horizontal posture and usually has the plumage rather compressed although sometimes the scapulars and back feathers may be slightly raised. Gaping is commonly associated with this display (Figure 4 ). This display, always oriented toward the adversary, is probably ritualized from a posture involved in a biting attack.
Horizontal Flufl.--This posture is similar to the preceding, but the breast, scapulars, back, and flanks are greatly fluffed and the head plumage tightly compressed. Gaping is commonly associated with this posture (Figure 2) .
Withdrawn.--In this posture the bird withdraws the head until it rests between the shoulders; otherwise the posture looks very much like the Horizontal Stretch. The wings are characteristically held a little way from the body and rapidly shivered (Figure 4 ). This posture is strongly reminiscent of the appeasement postures of soliciting females and begging young and is somewhat similar to the "freezing crouch" in response to aerial predators, which lends support to the argument that this posture is most characteristic of situations prompted by relatively high escape motivation. While in this posture the bird runs with short quick steps in a very stiff and mechanical manner.
The "freezing crouch," mentioned above, is adopted instantly upon sight of a flying predator. A suboptimal stimulus such as scaling a hat or tobacco pouch over the cage will often elicit this response. The bird quickly crouches close to the ground (or perch), the plumage is tightly compressed and the head is usually retracted between the shoulders. No movement is then made. The bird may remain in this posture for as long as two or three minutes ! The eyes look particularly large as the head plumage is so tightly compressed. In captivity this response is most likely to be elicited by some subnormal stimulus if the bird is vigorously preoccupied with some other activity such as eating or a hostile encounter with a cage mate. I once watched a captive guttatus coming out of this posture into which it had gone because I had scaled my cap over the cage while it was engaged in attacking a mounted Button Quail (Turnix). He slowly straightened his legs, thus becoming higher, while the plumage was still tightly compressed. There was no other movement, Winnowing.--This is a sound, apparently produced by the wings, which is always heard in conjunction with flying attacks even while the bird is calling. It is a rapid, tremulous, mellow, whistling sound. Higher threshold responses are associated with an exaggerated spread of the breast plumage (giving the appearance of a large round shield thickly and heavily spotted with black). This display is accompanied by other plumage adjustments (see above) and is termed the Spread (Figure 2 ). Spread occurs in varying intensities depending on the strength of the external and internal causal factors. Some of the various intensities are depicted in Figure 2 .
Wing and Tail Flicking are often seen in conjunction with Spread but are most evident in situations characterized by a fairly low level of both attack and escape drives. Consequently, Wing and Tail Flicking are most associated with the low intensity Spreads. Spread is typically or/ented to direct the maximum area of the breast toward the opponent; whether in intraspecific or interspecific encounters. In order to "avoid" leaning too far forward or backward, the bird tends to perch nearly as possible at the same level as the adversary; especially when threatening from nearby.
The following extracts from my notes will show typical responses from this species. The breast skin from a mustelina, dried with the feathers arranged in the Spread attitude was affixed to a wire and presented to territorial males. This was done upon six different occasions and on different territories each time. This arrangement was threatened in every case but never with the intensity elicited by a whole bird as represented by my models. Low intensity Spreads, and once a low "bup bup bup," call were made but this was all it elicited and then only for a short time, about two or three minutes before it was ignored. One male gave it a tentative peck and fled. It would certainly seem that the expanded breast plays an important part in the effectiveness of the Spread but that the entire bird is necessary to release a maximum response.
The hostile vocalizations, other than the advertising song, seem to be merely the "bup bup bup" sounds mentioned above given at different intensities so that they become higher pitched with increased motivation. The notes grade insensibly from these "bup bup bup" sounds to a loud, high pitched "pit pit pit" as the motivation level rises. There seems to be no special display pattern associated with higher escape motivation except for a general slimming of the plumage which is so common in many birds and may be partly an intention movement to fly. The bird simply flees when its escape drive is greatly in excess of its attack drive.
When the attack drive is greatly predominant the bird delivers an aerial attack by swooping at the adversary while uttering high intensity hostile calls and Bill Snapping. Winnowing is sometimes heard during these Supplanting attacks and seems characteristic of a relatively high intensity attack drive (see June 2 field notes above). This is most often heard when the birds have young in the nest.
Gaping has not been observed during supplanting attacks and seems to be confined to encounters between perched birds. Bill Snapping is usually confined to flying attacks. Gaping is associated with more nearly conflict situations between attack and escape, and Bill Snapping with much higher relative attack motivation. Encounters between birds perched in close proximity often lead to Gaping by at least one of those involved. Bill Snapping is probably associated more with flying attacks because Gaping or other visual displays would necessarily be shown too briefly under such circumstances to be as effective as an audible display such as Bill Snapping.
Gaping is common in the Horizontal Fluff. This posture seems to be prompted by a rather sudden and close confrontation of a situation stimulating intense conflict between attack and escape. Gaping in Catharus is much the same as it is in ttylocichla mustelina.
It was once observed employed during an Upward display assumed by a fuscescens. This must be rare as 27 encounters utilizing Upwards were seen involving fuscescens and Gaping was observed only The motions of display are similar in both cases; a rather quick initial movement and a slower second movement. These displays have undoubtedly evolved to ensure maximum conspicuousness; this particular combination of speeds of movement renders the displays most noticeable.
In ordinary Tail Raising, the tail is not raised much more than 30 degrees from the horizontal, and no other part of the bird is involved in this display, which seems to serve chiefly as a species-specific recognition signal. The following account, taken from my notes, suggests one of the uses of this display. In situations characterized by higher attack and escape motivations, however, the frequency of Tail Raising increases markedly and the tail is raised much higher than is usual. The belly plumage is fluffed as the tail is raised and becomes more compressed as the tail is lowered. The four species of Catharus are not nearly as vocal as is H. rnustelina although they do seem to possess a greater variety of sounds. Their hostile calls, for the most part, are not clearly the result of varying the pitch of the same utterance in response to greater force of delivery owing to higher motivation. The relatively low intensity hostile sounds are very different among the species, particularly the species most often in contact. The highest intensity hostile utterance of all, and one which has the highest threshold, is a rather highpitched, querulous, snarling sound. This sound, with almost imperceptible differences, is common to all four species. It is uttered rarely and only under extreme attack motivation. This sound is quite similar to the nasal snarl of the Red-eyed Vireo (Vireo olivaceus). The species which seems to have the lowest threshold for this sound and the one which has been heard to utter it the most often is ustulatus.
It may be that it has had its threshold lowered by the selective pressures supplied by the somewhat ecologically competing Red-eyed Vireo.
The only other hostile utterances that sound somewhat similar are the "veer" call of fuscescens and the "beer" call of rainlinus. These two calls are occasionally reciprocally confused by these two species (Figure 8 ). Since these two species are rarely sympatric, species DILGER, Catharus and Hylocichla 337 recognition difficulties are unlikely to arise despite the occasional confusion of these two notes.
Hostile vocalizations of the Veery (C. fuscescens).--The hostile calls of the Veery consist mainly of the "veer" call mentioned above, which is given in addition to advertising song in intraspecific encounters and usually without advertising song in interspecific encounters. At low general intensities of both drives, a rather pleasant, easily imitated, "pheu" sound is heard. Sometimes in rather high general intensities of both drives a series of faint, high pitched, windy, squealing sounds are uttered which may become more and more rapid, as the attack drive becomes relatively stronger, until they blend insensibly into a faint but perfect rendition of the advertising song.
Bent (1949: 225) describes the advertising song as "a series of
four or five downward-inflected phrases with a smooth transition in pitch, the final note prolonged and rolling, and each phrase a little lower than the one before it." The song gives the impression of a descending spiral. During intraspecific encounters (a speaker emitting advertising song) the advertising song seems to be characteristic of relatively high attack motivation. The louder the song from the speaker, the higher the relative escape drive becomes in the bird. By increasing the volume of the speaker while it was being threatened by a territorial male, the bird could be made to flee and, conversely, by turning the volume down, the bird would become emboldened because of its increasing relative attack motivation prompted by the fainter advertising song from the speaker. This was true of all the species (see the May 30 observations given on page 332). By a careful adjustment of the volume while watching the behavior of a bird a point could be reached where the attack and escape drives were judged to be exactly balanced. Under these circumstances the bird would engage in perfunctory preening, bill wiping, "yawning," or some other apparently irrelevant activity. Yawning may be distinguished from Gaping by the context of the act and by the fact that the bill is opened and shut much more quickly in "yawning. The speaker always elicited a quick response when advertising song was played on a bird's territory. A song duel with the speaker typically took place as the bird worked closer to the source of sound. If a model was placed on or very near the speaker the hostile responses were directed at it. If the speaker was used alone the displays were directed at the speaker itself, although not usually as intensely as at a model. A model placed more than two or three meters from the playing speaker generally received little attention. If the speaker was shut off under such circumstances, however, then the model began to receive some hostile attention. This generally did not occur right away, however. Usually a few moments would elapse before the bird "discovered" the model. What probably happens is that the bird takes some time to get rid of its "after discharge" of motivations prompted by the speaker. This period, after intense motivation, may last as long as 15 or 20 minutes, although not nearly as long as this if a model is present to attract attention. Dr. Konrad Lorenz tells me that this is an exceptionally long period for an "after discharge" to last. I am quite sure that the birds were not reacting to the silent speaker as I experimented with each individual but once every few days in order to minimize the effects of any habitnation to the experimental procedures, furthermore, the "after discharge" was every bit as long for individuals experimented with the first time.
Hostile vocalizations of the Hermit Thrush (C. guttatus).--The hostile calls of the Hermit Thrush are mainly a rather harsh "chuck" and a hoarse, canary-like "seeeeep" with a rising inflection. There is also a thin Cedar Waxwing-like "eeee" (not as mellow or as persistent as a somewhat similar call in fuscescens). The "seeeeep" call seems to be characteristic of low motivation of attack and escape and is followed at higher general motivations, by the "chuck" note and, finally, the "eeeeeeee" calls as attack becomes relatively strong. It is difficult to gain an accurate appraisal of the different calls of these four species as they are not as vocal in their hostile behavior as is the noisy ti. mustelina.
The advertising song of guttatus is a series of fine flute-like phrases similar in some respects to that of ti. mustelina. Bent (1949: 156) says that the song is "made up of rather long phrases of 5 to 12 notes each, with rather long pauses. All the notes are sweet, clear, and musical, like the tone of a bell, purer than the notes of the wood thrush, but perhaps less rich in quality." It is my definite impression that guttatus, except for the advertising song, is the least vocal of these four species.
Hostile vocalizations of the Olive-backed Thrush (C. ustulatus).--The hostile calls of the Olive-backed Thrush are a "peeep" very similar to the note of the Spring Peeper (Hyla crucifer), and which seems most characteristic of relatively and actually low attack motivation, and a rather harsh "chuck-burr" note, strongly reminiscent of a similar note made by the Scarlet Tanager (Piranga olivacea), and which seems to be associated with relatively, and/or actually, high attack motivation.
The advertising song of this species is one of the continuous rather than the phrase-type songs. Unlike fuscescens, the song seems to spiral upward. Bent (1949: 184) records the song as saying "whippoor-will-a-will-e-zee-zee, going up high and fine at the close. Sometimes there is an extra a-will." Hostile vocalizations of the Gray-cheeked Thrush (C. minimus).--The Gray-cheeked Thrush has a harsh "beer" note reminiscent of a similar sound produced by the Nighthawk (Chordeiles minor). This note appears to be homologous with the "veer" call of fuscescens, a species with which it is rarely sympatric. The "beer" call seems to vary somewhat in pitch and quality depending on the intensity of motivation. There is also a whistled "pheu" note similar to the one given by fuscescens, although differing in quality. This sound seems to be associated with low threshold responses.
The advertising song is of the fuscescens type. It is of a thinner, windiet character than those of the others and does not appear to carry as far. There are two or three introductory notes that cannot Like many species, those of Catharus and Hylocichla have two main song periods during the day; one in the evening and the other in the early morning. Unlike many species, however, the more active period is in the evening. This is most noticeable in rainlinus. Its periods of most intense activity are short in duration but very intense and occur chiefly just after sunset and just before sunrise. These periods of intense activity are only about 20 minutes to a half hour in duration but may be a little longer on cloudy days. All of these species may be heard to utter advertising song and other vocalizations at night, but rainlinus appears to do this most frequently and, as a matter of fact, seems more vocal during the night than during the middle of the day. Figures 6 and 7) .--The hostile behavior of H. mustelina is diagrammed in Figure 6 and that of the four species of Catharus in Figure 7 . Increasing general intensities of attack and escape motivations (actual strength) are plotted from the bottom of the page to the top. Displays most closely associated with varying degrees of attack motivation are plotted to the left of the line indicating increasing general intensities of attack and escape drives, and displays most closely associated with increasing relative strength of escape motivation are plotted to the right of this line. By studying these diagrams it may be seen that the relative strength of one drive may be quite low even though the actual strength of both drives may be very high and also it may be noticed that the actual strength of one drive may be quite high although the relative strength is low. Two ideas must be kept in mind if a full understanding of the diagrams is to be attained. One is that the postures listed along the line of general intensity of both drives might best be imagined as being slightly skewed toward the virtual balance and then diminish without any overt display clearly associated with either attack or escape. This would most likely occur in intraspecific situations rather than interspecific situations (see below). The same interplay of relative and actual levels of motivation is true also for the other four species (Figure 7) . During interspecific encounters, however, the Upward is omitted. It is interesting to note that these species have more postures associated with relatively higher escape motivation than does H. mustelina. The behavior in general appears to be more complicated and this may indicate that, as far as hostile behavior is concerned, they are more primitive. This type of hostile behavior is much more like that found in non-passerine birds such as the ducks (Lorenz, 1951) Males of all of the species of Catharus and Hylocichla arrive on the breeding grounds ahead of the females and set up and defend territories against birds of their own species. The females, after arrival, attempt to invade the territories belonging to males of their own species. This invasion elicits hostile behavior on the part of both the resident male and the intruding female. The principal differences between the behavior of a trespassing male and the newly arrived female is that the former almost always flees from the attacks of the resident male and an intruding female tends to flee but persists in remaining within the resident male's territory. This leads to a situation where much mutual hostile displaying occurs, since the drives of both birds are strong and typically in fairly close balance. In addition, the male's hostile behavior is augmented by a noticeable increase in advertising song. This is a territorial defense reaction to the intrusion by the trespassing female, but at the same time it probably raises the level of her motivation to remain. Her sex drive may be an important stimulus here.
Explanation of hostile behavior diagrams (
Since it is usually impossible to distinguish the sexes in the field unless a bird utters advertising song, it was difficult to understand much of the behavior seen. Consequently, an effort was made to collect as many as possible of the fleeing birds engaged in intraspecific encounters.
Seventeen such fleeing birds were collected; Catharus minimus, 1; C. ustulatus, 5; C. guttatus, 4; C. fuscescens, 5; and H. mustelina, 2. Ten of these specimens had fled from the resident male's territory and proved, upon dissection, to be adult males themselves. Five of these specimens did not flee from the territory of the resident male but, instead, persisted in remaining within its boundaries; all of these proved, upon dissection, to be females. The remaining two specimens require comment. One, a female mustelina, had fled straight away from the resident male's territory and showed no indication of being motivated to return. In this case the bird may have already been mated and was really trespassing, or the male may have had a mate. The other case was a female guttatus that fled straight away upon receiving an Upward and Horizontal Stretch (in that order) from the resident male, but this bird could not be collected at that time and before I could get a clear shot she had returned and was being chased around and about his territory.
Since the female, when being chased by the male, tends to remain within his territory, more or less circular flights result. These have been termed "courtship" in various places in the literature, e.g., Bent (1949: 104) . Early in the pair-formation period these flights tend to be "wild" and clearly associated with attack and escape motivations, but in a day or two they become progressively more leisurely and even approach a condition that might be described as sedate. Here the birds fly rather slowly and deliberately. In the four authenticated cases (the pursuer or both birds being collected) the pursuer was always the male. Frequent pauses are made during which the birds perch about the same distance apart as they were when flying. They remain motionless for a few seconds until the leisurely pursuit is resumed. I have watched a pair of mustelina engaged in this behavior at a time when the female had a completed clutch of eggs. The pair bond seems to be formed when the progressive lessening of mutual hostility reaches a point where the male more or less accepts the female on his territory. This period seems to take three or four days in all of these species. The following, taken from my notes, will illustrate typical observations on the pair formation period. 
SPECIES RECOGNITION
The various species of Catharus and Hylocichla mustelina are all readily identifiable by a human observer, but the difference in size, color, and pattern are not great. It is not clear that differences of size and plumage serve as specific recognition features in these forms, although some observations in the wild and with captive birds indicate that the reddish tail of guttatus and the reddish crest of mustelina, if accompanied by their characteristic displaying movements (see above), serve as species-specific recognition features (see the May 30 observation on page 335, for instance). The only thing really different among these forms is their vocalizations. These were assumed to serve as the chief specific recognition signals, and a series of experiments was conducted to determine the validity of this assumption.
The first experiments consisted of placing blank models on the territories of each of the species. The following numbers of territorial males were tested and all were either in the pair-formation period or shortly thereafter: 10 mustelina, 6 fuscescens, 4 guttatus, 5 ustulatus, and 2 rainlinus. All of these males either did not appear to "notice" the models at all or merely accorded them the same reactions that any strange object typically receives (some slight tendency to "investigate" and perhaps very low intensity Crest Raising or Foot Quivering). The blank models used were simply unpainted examples of the models ordinarily used in these behavioral experiments. The color was a uniform off-white or ivory and with black eyes.
The next experiments consisted in introducing naturally colored models of each of the five species on the territories of each of the species. In this series of experiments 10 mustelina, 8 fuscescens, 8 guttatus, 7 ustulatus, and 5 rainlinus territories were utilized in this manner. [ Auk [Vol. 73 All of these males were either in the pair-formation period or shortly thereafter. Care was taken to present the bird's own species model to him last in the series so that any possible "after discharge" of activity in response to his own species would not effect subsequent presentations. This was probably unnecessary in this case as all of the models, without exception, were attacked more or less vigorously. Sometimes a male would attempt eoition with a model that had been placed in a position too nearly horizontal (simulated submission posture) but the reactions were clearly associated with a relatively high attack motivation. No greater attack seemed to be elicited by conspecific combinations although this would be difficult to be sure of without quantitative data and these hostile behavior patterns, for the most part, would be difficult to quantify (see Figure 8) .
The final experiments consisted of placing models associated with advertising songs and other hostile vocalizations in every combination on territories of all five species. The results are summarized in Figure  8 . The territories of 20 mustelina, 11 fuscescens, 12 oeuttatus, 15 ustulatus, and 10 rninirnus were all treated to at least one such series of experiments. This was a time-consuming operation as usually only one combination of vocalization and/or model was presented to any one territory on any given day in order to minimize the dangers of habituation to the experimental procedure. Consequently, these territories were being worked with in every state of development from the pair-formation period to the time when the young were nearly fledged. It may be seen by an examination of Figure 8 that the models, when associated with vocalizations, were no longer attacked indiscriminately but only attacked when associated with vocalizations of the species being experimented with. For instance, no model associated with vocalizations was attacked by a male ustulatus unless associated with ustulatus vocalizations. Slight attack (Wing and Tail Flicking, Crest Raising, and generally behavior typified by increased "agitation") was elicited occasionally when the "veer" calls of fuscescens was played to rainlinus and when the "beer" calls of rninirnus were played to fuscescens. These two calls are apparently similar enough to act as releasing stimuli for the (innate) releasing mechanisms of the other species. These two species rarely occur sympatrically so that few mistakes as to species identity, however slight, are likely to take place. At any rate, pairing has taken place in fuscescens before rninirnus migrates through the areas occupied by the former species. This would be the only time these two species usually occur together, and it is conceivable that an occasional unpaired fuscescens might respond to the vocalizations D•.G•R, Catharus and I-lylocichla [ Auk LVol. 73 of minimus. The converse is also possible. The chances of mixed pairs being formed must be almost nil as all of the other secondary species specific signal characters would be lacking and also the physical environment and physiological states would not be compatible. Since these two species rarely occur sympatrically there seldom has been any selective pressures on either to make for greater divergence in this particular call, and the fleeting contact they do have may even supply enough selective pressure to maintain this similarity through slight ecological competition. The somewhat similar advertising songs of guttatus and mustelina sometimes released a response in the other species. Here again, the mixed reactions involved only a few individuals and the hostile behavior seemed to be of low intensity. The chances of mixed pairs being formed in this situation is made slightly more likely since these two species are more often sympatric. However, as in fuscescensrainlinus, the secondary species-specific signal characters would be different; vastly different in this case, as much of the hostile behavior of mustelina is entirely different from that of guttatus and the rest of the group. The greater size of mustelina coupled with differences in color, pattern, and habitat should further reduce the chances of long-term mistakes.
Advertising song and other hostile vocalizations were presented in every possible combination to territorial males without the use of models (see May 28 observation on page 338). Here the hostile reactions were the same as when models were used in conjunction with vocalizations but were not quite as intense, although very much more intense than when silent models were presented. It seems quite clear that vocalizations are much more effective as species specific signal characters than are the differences in physical appearance.
The various species of Catharus and Hylo½ichla mustelina have "solved" their problems of species recognition in sympatric situations in much the same manner as Anas, except that the species-specific signal characters are largely vocal rather than mostly visual. The reason for this difference in the kind of signals employed may be that the selective pressure by visual predators is great enough to cause both sexes to become cryptically colored so that non-visual signals have been evolved. I think it more likely, however, that it is mostly a matter of efficiency in regard to ready recognition. Visibility is limited in the habitats utilized by Catharus, and auditory signals would be evolved because of their greater effectiveness in situations characterized by low visibility. The minor differences in plumage and the small differences in thresholds of the various displays, prob- What apparently happens in Catharus and Hylocichla is that females "home in" on advertising songs of males of their own species. These advertising songs have evolved as species-specific signal characters to which the females have evolved specific releasing mechanisms. When the female is in visual contact with her prospective mate other species-specific characters fortify the initial choice. The proper habitat probably also is an important factor in minimizing the possibility of mixed pairs being formed as is the differential in breeding times demonstrated by some of the species. It is suggested that the principal reproductive isolating mechanisms, preventing mixed pairing among these species, are the species specific vocalizations of the males (advertising song) acting as sign stimuli to the corresponding specific releasing mechanisms of the females. Minor differences of plumage pattern, color, and movement probably play roles fortifying the initial choice.
